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RAM 

Background Of The Invention 

5 Cross Reference To Related Applications 

This application is a divisional of U.S. Application Serial No. 10/255,392, filed 
September 26, 2002 entitled RAM, which is incorporated herein by reference in its 
entirety. 

10 

1 . Field of the Invention 

The present invention relates to the forming of RAMs in integrated form. More 
specifically, the present invention relates to the forming of dynamic random access 
memories (DRAMs). 

15 

2. Discussion of the Related Art 

Generally, a DRAM is formed of an array of elementary memory cells located at 
the intersection of rows (word lines) and columns (bit lines). Each elementary cell is 
formed of a capacitive memory point (capacitor) and of an element for controlling this 

20 memory point, generally, a MOS transistor. The gate of the MOS transistor forms the 
word line of the cell. The source or drain region of the control transistor is in contact 
with a first electrode of the capacitor, the other electrode or plate of which is common to 
all cells in at least one column. The drain or source region of the control transistor is 
integral with a bit line common to all cells in a column. 

25 Constantly, the amount of elementary cells integrated on a given silicon surface 

area is desired to be increased as much as possible. For this purpose, it is desired to 
reduce to the smallest possible the dimensions of an elementary cell. The smallest 
possible dimension for a conductive line is designated with reference F. This minimum 
dimension is also called the minimum rule, since it corresponds to a drawing rule 

30 imposed to the designer by a used manufacturing technology. Square F2 of minimum 
rule F thus is the minimum surface area or unity surface area of a pattern. Elementary 
cells having a surface area which is four times the unity surface area could theoretically 
be formed. However, in practice, the ceils have a much larger size. 
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A DRAM cell having an integration surface area which is only six times the unity 
surface area (6 F 2 ) has been proposed in review 2000 IEEE, IEDM, pp. 349 to 352, 
published on December 10, 2000, in article "An orthogonal 6F 2 Trench-Sidewall Vertical 
Device Cell for 4Gb/16Gb DRAM" by C.J. Radens et al. 
5 Fig. 1 illustrates, in a partial simplified top view, a memory including such 6F 2 

cells. More specifically, Fig. 1 illustrates two parallel bit lines BL1, BL2. Each bit line 
BL1, BL2 has the width of minimum rule F, and is separated from a next bit line BL2, 
BL1, by twice 2F the minimum rule. Two parallel word lines WL1 and WL2 are 
separated by this same minimum rule F. Memory points CI 1, CI 2, C21, and C22 are 

10 formed, as described hereafter in relation with Figs. 2A to 2E and 3, under the 
intersections of bit lines BL1, BL2 and word lines WL1, WL2. The 6F 2 cell finally 
includes between every two word lines WL1, WL2 between two memory points CI 1 and 
C21, C12 and C22, a bit line contact BLC1, BLC2. 

Figs. 2A to 2E illustrate, in a partial simplified cross-section view along axis A-A 

15 of Fig. 1, that is, an axis running in bit line BL2, successive steps of a method for 
forming such a 6F 2 cell. Fig. 3 is a cross-section view along axis B-B of Fig. 1, parallel 
to axis A-A, above memory points C12 and C22 sharing the same bit line BL2, but 
outside of this bit line. Fig. 3 corresponds to an intermediary step between those 
illustrated in Figs. 2C and 2D. 

20 As illustrated in Fig. 2A, an N-type doped region 2 is first formed, generally by 

epitaxy, on a semiconductor substrate 1, typically made of silicon, of a first conductivity 
type, conventionally type P. Region 2 is buried under a P-type surface region or well 3. 
Buried region 2 is intended to be used as a plate electrode of the memory point. Then, a 
trench 4 is dug into well 3, region 2, and substrate 1. The definition of the location and 

25 of the dimensions of trench 4 is performed by means of the first mask. 

A silicon oxide insulating ring 5 is then formed on a high portion of the walls of 
trench 4. An insulator 6 with a high electric permittivity is then deposited on the bottom 
and walls of trench 4. A heavily-doped N-type peripheral region 7 is formed in substrate 
1 and region 2, around the low portion of trench 4. Then, a conductive material 8, 

30 generally polysilicon, is deposited at the bottom of trench 4. An elementary memory 
point having an electrode 7 connected by region 2 to the similar electrodes of several 
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cells and separated by a dielectric 6 from a second electrode 8 specific to each memory 
point is thus formed. 

At the next steps, illustrated in Fig. 2B, insulator 5 is removed from a high 
portion of one of the walls of trench 4, for example, the left-hand wall. A conductive 
5 material 9, identical to material 8, generally polysilicon, is deposited and etched. 
Material 9 is in contact by its low portion with electrode 8. This low portion is insulated 
from the peripheral silicon (well 3, region 2) by ring 5. Material 9 is in contact in its 
high portion with well 3 along the wall from which insulator 5 has been removed. A 
heavily-doped N-type region 10 is formed in well 3 by diffusion from material 9. 

10 Then, a thick insulator is formed on material 9. Insulator 11 aims at insulating 

material 9 from any parasitic coupling with conductive structures formed at the next 
steps in the upper portion of trench 4. Region 10, which is diffused from material 9, 
extends to the top of the structure (surface of well 3) beyond thick insulator 1 1 . 

At the newt steps, illustrated in Fig. 2C, a thin insulator 12 is formed on the 

15 exposed wall of trench 4 and on the planar horizontal surface of well 3. A heavily-doped 
N-type region 13 is then implanted at the surface of well 3. Then, a conductive material 
14, generally polysilicon, is deposited. Material 14 is intended to be used as the control 
transistor gate, insulator 12 being the gate insulator between gate 14 and vertical well 3. 

The result of next steps is illustrated in Fig. 3, which is a cross-section view along 

20 line B-B of Fig. 1. Well 3 has been dug into, as well as a portion of the multiple-layer 
formed in trench 4, to open a shallow insulating trench 15 (STI) filled with an insulator. 
Insulating trench 15 is formed to extend in depth beyond contact level 9 and to reach 
insulating ring 5. The second mask used to dig into insulating trench 15 must thus be 
precisely aligned with respect to the first mask used (Fig. 2A) to dig into trench 4. The 

25 forming of insulating trenches 15 enables individualizing neighboring elementary cells. 

As illustrated in Fig. 2D, gate 14 is then completed, for example, by forming a 
tungsten silicide layer 16 and an insulating layer 171. Then, by means of a third mask 
which must be precisely aligned with respect to the first and second masks, the multiple 
layer formed of layers 14-16-171 is etched to define (individualize) the word lines of 

30 each of the elementary cells. Gate 14-16-171 is then provided on its vertical walls with 
an insulating structure 172, generally of same nature as insulating layer 171. A thick 
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interlevel insulating or dielectric layer 18 is then deposited so that its surface is 
substantially planar. Interlevel dielectric 18 is of different nature than the insulator 
forming layer 171 and vertical insulating structure 172, to be selectively etchable with 
respect thereto. 

5 At the next steps, illustrated in Fig. 2E, the method carries on with the opening of 

interlevel dielectric 18 by means of a fourth mask, to partially expose surface regions 13. 
The fourth mask must again be precisely aligned with respect to the three preceding 
masks. A conductive material 19 is deposited on dielectric 18 to at least fill the 
openings. Finally, material 19 is etched by means of a fifth mask to define above 

10 dielectric 18 bit line contacts with source or drain regions 13. The central contact 
illustrated in Fig. 2E is contact BLC2 of Fig. 1. The alignment of the fifth mask must 
also be precisely performed with respect to the preceding masks. 

A memory point having, as a control element, a MOS transistor with a 
substantially vertical channel has thus been formed, as illustrated in Fig. 2E. Heavily- 

1 5 doped surface region 1 3 forms a source region of the transistor. The drain region of the 
transistor is formed by region 10. This transistor includes a control gate 14 insulated 
from the channel region by a thin insulator 12. This control transistor enables possibly 
putting in contact a bit line 19 with first electrode 9-8 of a memory point having its 
second electrode or plate corresponding to regions 7 and 2. 

20 Such a formation method is relatively complex due to the five masks successively 

used, which must be precisely aligned with respect to one another. 

The use of such masks further results in the forming of elementary cells having 
six times the unity surface area, instead of four times as would theoretically be possible. 

25 Summary Of The Invention 

The present invention accordingly aims at providing a DRAM having its 
elementary cells occupying a smaller semiconductor surface area. 

The present invention also aims at providing such a memory which is simpler to 
form than a memory taking up a larger surface area. 
30 To achieve these and other objects, the present invention provides a method for 

forming in monolithic form a DRAM-type memory, including the steps of: 
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forming, on a single-crystal semiconductor substrate, parallel strips including a 
lower insulating layer, a strongly-conductive layer, a single-crystal semiconductor layer, 
and an upper insulating layer; 

digging, perpendicularly to the strips, into the upper insulating layer and into at 
least a portion of the semiconductor layer, first and second parallel trenches, each of the 
first and second trenches being shared by neighboring cells; 

forming, in each of the first trenches, a first conductive lines according to the strip 

width; 

forming, in each of the second trenches, a pair of second distinct parallel 
conductive lines, insulated from the layers peripheral to the second trench; 
filling the first and second trenches with an insulating material; 
removing the remaining portions of the upper insulating layer; and 
depositing a conductive layer. 

According to an embodiment of the present invention, the forming of the parallel 
strips includes the steps of: 

forming on a first single-crystal semiconductor substrate a single-crystal 
semiconductor layer resting on a first insulating layer; 

forming, on the semiconductor layer, a strongly-conductive layer, then a second 
insulating layer; 

digging parallel trenches into the second insulating layer, the strongly-conductive 
layer, and the semiconductor layer, to partially expose the first insulating layer; 

turning over and gluing the structure thus obtained on a second substrate; and 

removing the first substrate, whereby the first insulating layer becomes the upper 
layer of the structure thus formed and the second insulating layer becomes the lower 
layer underlying the semiconductor layer. 

According to an embodiment of the present invention, the first and second 
trenches are dug into the upper insulating layer and at least a portion of the 
semiconductor layer so that the first trenches have a minimum width, and the second 
trenches have a width which is twice that of the first trenches, two neighboring trenches 
being separated by a minimum interval, each first trench being surrounded with two 
second trenches and each second trench being surrounded with two first trenches. 
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According to an embodiment of the present invention, the first and second 
trenches are dug into to maintain between the strongly-conductive layer and the bottom 
of each of the first and second trenches a given thickness of the semiconductor layer. 

According to an embodiment of the present invention, the first and second 
5 trenches are dug into to partially expose the strongly-conductive layer. 

According to an embodiment of the present invention, the first conductive lines at 
the bottom of each first trench and the pairs of second insulated conductive lines at the 
bottom of the second trenches are formed simultaneously. 

According to an embodiment of the present invention, the simultaneous forming 
10 of the first lines and of the pairs of second lines at the bottom of the first and second 
trenches includes the steps of: 

depositing at the bottom and on the walls of the first and second trenches an 
insulating layer; 

conformally depositing a conductive material to at least fill the first trench; and 
15 removing the conductive material from the surface of the first insulating layer. 

According to an embodiment of the present invention, the lines formed at the 
bottom of the first trenches are not insulated from the peripheral semiconductor and/or 
conductor layers. 

According to an embodiment of the present invention, the forming, at the bottom 
20 of the first trenches, of lines which are not insulated from the peripheral semiconductor 
and/or conductive layers includes the steps of: 

conformally depositing an insulating material at the bottom and on the walls of 
the first and second trenches; 

conformally depositing a first sub-layer of a conductive material; 
25 performing a directional bombarding so that the conductive material is only 

bombarded on its sides in the second trenches; 

removing by selective etching the sole non-bombarded portions of the conductive 
material in the first trenches; 

removing the portions thus exposed of the insulating material previously 
30 deposited at the bottom of the first and second trenches; 
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depositing a second sub-layer of the conductive material to at least fill the first 
trenches; and 

removing the conductive material from the surface of the first insulating layer. 
According to an embodiment of the present invention, the method further 
5 includes, after the step of deposition of a conductive layer, the steps of: 

level trimming, which results in the forming, between a first and a second 
neighboring trenches, of independent conductive surfaces in contact with the surface of 
the semiconductor layer; 

depositing over the entire structure a thin dielectric with a high permittivity; and 
10 depositing over the entire structure a conductive layer. 

The present invention also provides a DRAM, including: 

parallel strips formed of the stacking, on a single-crystal semiconductor substrate, 
of an insulating layer of a strongly-conductive line, and of a semiconductor layer; 

first conductive lines running perpendicularly to the strips, each in a first 
15 relatively thin trench dug into at least a portion of the semiconductor layer; 

pairs of second conductive lines parallel to each other and to the first lines, each 
pair of second lines running in a second relatively wide trench dug into at least a portion 
of the semiconductor layer between two first trenches; and 

conductive surfaces of unity area resting on the semiconductor layer, these 
20 surfaces being defined at the surface of the strips by the intervals separating a first and a 
second neighboring strips. 

According to an embodiment of the present invention, the first and second 
trenches do not reach the underlying strongly-conductive lines, the second lines being 
insulated with respect to the peripheral semiconductor layer and forming the word lines 
25 of the memory, the strongly-conductive lines forming the bit lines of the memory, and the 
surfaces of unity area forming first individual electrodes of the memory points of the 
memory. 

According to an embodiment of the present invention, the first lines are reference 
biasing lines of the semiconductor layer, independent from the line pairs running in the 
30 second trenches. 
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According to an embodiment of the present invention, the first lines are insulated 
from at least the peripheral semiconductor layer. 

The foregoing objects, features and advantages of the present invention will be 
discussed in detail in the following non-limiting description of specific embodiments in 
5 connection with the accompanying drawings. 

Brief Description Of The Drawings 

Fig. 1 illustrates, in a partial simplified top view, a memory including known 
DRAM cells; 

10 Figs. 2A to 2E illustrate, in a partial simplified cross-section view along axis A-A 

of Fig. 1, successive steps of a method for forming a known DRAM cell; 

Fig. 3 illustrates, in a partial simplified cross-section view along axis B-B of Fig. 
1, intermediary steps between the steps illustrated in Figs. 2C and 2D; 

Figs. 4A to 4C illustrate, in a partial simplified cross-section view, steps of the 
15 forming of a DRAM array according to an embodiment of the present invention; 

Fig. 5 illustrates, in a partial simplified top view, the state of a DRAM array 
according to the present invention at an intermediary state of its forming; 

Figs. 6A to 6D illustrate, in partial simplified cross-section views, steps of the 
forming of a DRAM according to an embodiment of the present invention subsequent to 
20 the steps illustrated in Fig. 4C; 

Fig. 7 illustrates, in a partial simplified top view, an embodiment of a memory 
according to the present invention; and 

Fig. 8 illustrates, in a partial simplified cross-section view, a DRAM array 
according to another embodiment of the present invention. 

25 

Detailed Description 

For clarity, the same elements have been designated with the same references in 
the different drawings. Further, as usual in the representation of integrated circuits, the 
different drawings are not to scale. 
30 The DRAM cell manufacturing method according to the present invention starts, 

as illustrated in Fig. 4A, with the forming, on a single-crystal semiconductor substrate 
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20, of a single-crystal semiconductor layer 22 on insulator (SOI). A multiple-layer 
formed of a first insulating layer 21 and of a semiconductor layer 22 is thus obtained on 
substrate 20. A strongly-conductive layer 23, preferably a metal or a metal alloy, is then 
formed on semiconductor layer 22. A second, relatively thick, insulating layer 24 is then 
5 deposited. Second insulating layer 24 is deposited so that its upper surface is 
substantially planar. 

Then, a third sacrificial insulating layer 25 is deposited. Parallel trenches 26 are 
dug into the multiple-layer formed of single-crystal layer 22, of layer 23, and of 
insulating layer 24 by means of a first mask, to partially expose insulating layer 21. 

10 Trenches 26 have a minimum width, equal to drawing rule F, and separate strips having 
an also minimum width, equal to rule F. 

At the next steps, illustrated in Fig. 4B, the entire structure shown in Fig. 4A is 
turned over and glued on a second single-crystal semiconductor substrate 27. A series of 
strips formed of insulating layer 24, conductive layer 23, and semiconductor layer 22 

15 supporting first insulating layer 21 and first substrate 20 are thus obtained on second 
substrate 27. 

According to the embodiment shown in Fig. 4B, before turning over the structure 
of Fig. 4A, trenches 26 are filled with an insulator 28. After the deposition of insulator 
28 and before turning over, the entire structure is leveled, for example by means of a 
20 chem-mech polishing, to guarantee a substantially planar surface to ease the gluing on 
second substrate 27. According to an alternative, not shown, the intervals (trenches 26) 
between distinct strips are maintained empty. 

Then, as illustrated in Fig. 4C, first substrate 20, now at the top of the structure, is 
removed, for example by selective wet etch. First insulating layer 21 then is the upper 
25 layer of the structure. Parallel strips, each of which includes on a lower insulator 24 a 
conductive layer 23, a single-crystal semiconductor column 22, and an upper insulating 
layer 21, are thus formed. 

A fourth insulating layer 30 is then deposited on first insulating layer 21. The 
insulator forming layer 30 is different from the insulator forming layer 21. Indeed, 
30 insulator 30 is a sacrificial insulator intended to be used as a mask. 
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As partially and schematically illustrated in top view in Fig. 5, parallel 
independent conductive lines formed by the portions of strongly-conductive layer 23 
have thus been formed. Each strongly-conductive line 23 underlies a single-crystal 
column 22. Two neighboring columns are separated by an insulator which is either air, 
5 or a material 28. 

Figs. 4A to 4C correspond to cross-section views along axis C-C of Fig. 5, that is, 
the axis perpendicular to the extension axis of lines 23. The rest of the process will now 
be described, in relation with Figs. 6A to 6D, along an axis perpendicular to axis C-C, 
that is, an axis parallel to the extension axis of strips 24-23-22-21-30. More specifically, 
10 as illustrated in Fig. 5, an axis D-D running in such a strip 24-23-22-21-30 will be 
followed. 

Fig. 6A partially and schematically shows such a cross-section along axis D-D at 
the step following the deposition of the fourth layer 30 previously described in relation 
with Fig. 4C. According to the present invention, the fourth and first insulating layers 30 

15 and 21, as well as single-crystal column 22, are then dug into by means of a second mask, 
to form parallel trenches. The trench pattern according to the present invention provides 
the forming of parallel trench pairs 31, 32. First trenches 31 have an opening (width) 
reduced to the minimum possible dimension F for a conductive line in a considered 
technology. Each first trench 3 1 is separated from second neighboring trenches by an 

20 interval substantially equal to this minimum dimension (or rule) F. Second trenches 32 
are twice as wide (2F) as first trenches 31. As will better appear from the following 
description, each trench 31 or 32 is shared between two neighboring cells. Two first 
narrow trenches 3 1 surrounding a second wide trench 32 have been shown in Figs. 6A- 
6D. 

25 The alignment of the first digging mask of the first and second trenches 3 1 and 32 

sets no specific alignment constraint with respect to the first digging mask of trenches 26 
(Fig. 4A). More specifically, trenches 31, 32 must be formed to be perpendicular to lines 
23, that is, along axis C-C of Fig. 5. As will better appear from the following 
description, there is no lateral alignment constraint (along axis D-D of Fig. 5). 
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After removal of fourth insulator 30, as illustrated in Fig. 6B, a fifth insulating 
layer 33 is formed on the walls and the bottom of at least second wide trenches 32. Layer 
33 preferably is a thin insulator. 

According to an embodiment, layer 33 is also formed on the walls and the bottom 
5 of each first narrow trench 3 1 . 

Then, a layer of a conductive material is conformally deposited. This layer is 
etched to be removed from the surface of insulating layer 21. This removal is performed 
by an anisotropic etching. Thus, the conductive material is maintained in place in the 
first and second trenches 3 1 and 32 at the locations where it is the thickest and removed 

10 from the locations where it is thinner. A continuous conductive line 341 is then formed 
at the bottom of each narrow trench 31. At the bottom of each wide trench 32, only two 
distinct lateral lines 342 and 343 remain in place. Each line 342 and 343 rests on the 
bottom and one of the walls of trench 32, and is insulated from active substrate 22 by an 
insulating layer 33. Lines 341, 342, and 343 perpendicularly extend to reach underlying 

15 line 23. As should be understood by those skilled in the art, trenches 31 and 32 are dug 
into previously-formed parallel multiple strips 24-23-22-21. Each lines 341, 342, or 343 
thus runs above all lines 23. This crossing occurs even if the digging mask of the first 
and second trenches 31 and 32 is laterally shifted along axis D-D of Fig. 5. 

Then, as illustrated in Fig. 6C, a sixth insulator 35 is deposited over the entire 

20 structure. Insulator 35 is deposited to fill trenches 31 and 32. For example, after 
deposition of a relatively thick insulating layer, a level trimming by chem-mech polishing 
is carried out to expose the remaining portions of first insulating layer 21. Then, first 
insulating layer 21 is removed. Portions of single-crystal semiconductor layer 22 are thus 
exposed. Each of these portions is delimited by a first narrow trench 31, by a second 

25 trench 32 along axis D-D of Fig. 5, and by interstrip insulator 28 along axis C-C of Fig. 
5. The exposed portions have a surface area equal to the product of the interval between 
first and second trenches by the interstrip interval. They thus have a unity surface area. 

A conformal deposition of a layer 36 of a conductive material is then performed. 
The deposition of layer 36 is followed by a chem-mech polishing. A conductive surface 

30 36 in contact with active substrate 22 is thus individualized between two trenches 31 and 
32. 
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Finally, as illustrated in Fig. 6D, the structure is completed by a partial etching of 
sixth insulator 35, by the conformal deposition of a layer of a dielectric having a high 
electric permittivity 37, and by the deposition of a conductive layer 38. Conductive layer 
38, preferably similar to material 36, is deposited so that its upper surface is planar. For 
5 this purpose, it will be possible to perform, after deposition of a relatively thick layer 38, 
a chem-mech polishing. 

A DRAM having columns formed by strips and having rows formed by the lines 
formed in the second trenches has thus been formed. Fig. 6D illustrates two cells of a 
memory according to an embodiment of the present invention. Conductive surfaces of 
10 unity area 36 form the first individual electrodes of different memory points. The inter- 
electrode insulator is dielectric 37. The second electrode common to several memory 
points is layer 38. 

The channel area of the control transistor of each memory point is vertical, in 
single-crystal column 22. It is defined by a gate 342 or 343 and a gate insulator formed 
15 by fifth insulator 33. A drain or source region is located at the surface of column 22, in 
contact with conductive surface 36. A source or drain region is buried in column 22 
close to and in contact with line 23. The bit line is formed by line 23. It is common to 
all cells in a strip. 

The forming of the different channel, drain, and source regions is performed by 
20 implantation in the different steps of formation. For example, upon forming by epitaxy 
of the single-crystal semiconductor layer 22 (Fig. 4A), a well doping is performed in situ. 
Then, the source or drain region intended to be (after the subsequent turning over 
described in relation with Fig. 4B) at the bottom of the column is formed by successive 
low density deposition (LDD) and high density deposition (HDD) before deposition of 
25 strongly-conductive layer 23. After the opening (Fig. 6A) of the pairs of parallel trenches 
31 and 32, the well implantation is completed to give the transistor channel the 
appropriate doping. Then, after deposition of the conductive material in the pairs of 
parallel trenches 31 and 32, but before its etching (Fig. 6B) to form lines 341, 342, and 
343, this material may be doped. After the etching, a low-density doping (LDD) of the 
30 drain or source region formed at the surface of column 22 is performed. Finally, after 
removal of first insulating layer 21 and before deposition (Fig. 6C) of conductive surface 
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36, a high-density doping (HDD) of the drain or source region formed at the surface of 
column 22 is performed. 

Further, the present invention also provides a reference biasing of the channel 
region by line 341 formed in narrow trench 31. 
5 It should be noted that each trench 31, 32 is advantageously shared by two 

memory cells. Fig. 6D illustrates, for example, two complete memory points on either 
side of the largest trench 32 at the center of the drawing. Each of distinct lines 342, 343 
formed in this trench is the word line of a distinct elementary cell. Similarly, as for 
reference biasing line 341 of column 22, it ensures the biasing either directly, or by 

10 influence, as will be described in detail hereafter, of two vertical "wells" of intermediary 
control transistors between two trenches 31 and 32 and underlying two distinct memory 
points 36-37-38. Such a sharing is illustrated in Fig. 6D by the vertical dotted lines 
running at the center of the first and second trenches. 

Due to such a sharing, a dimension of a cell according to the present invention is 

15 the sum of half of the width of a first narrow trench 31 of the interval separating a first 
narrow trench 31 from a wider trench 32, and of half of the width of a second trench 32. 
This width is thus equal to the sum of half of the minimum rule and of half of twice the 
minimum rule, that is, twice and a half the minimum rule (2.5 F). The other dimension 
of a cell according to the present invention is the standard interval between two bit lines 

20 previously illustrated in relation with Fig. 5, that is, twice (2 F) the minimum rule. The 
surface area taken up by a cell according to the present invention is thus five times the 
unity surface area (2.5 F*2 F = 5 F2). 

Fig. 7 illustrates, in a simplified partial top view, a portion of a DRAM array 
according to the embodiment of the present invention previously described in relation 

25 with Figs. 4A-C, 5, and 6A-D. Such a memory thus includes parallel bit lines 23 buried 
under a semiconductor layer (22, Figs. 4 and 6) in which are formed at the bottom and at 
the surface of the source and drain regions of a vertical transistor. Two neighboring bit 
lines 23 are insulated by an insulator 28. Gates 342, 343 of the memory point (word line) 
control vertical transistors are perpendicular to the bit lines. Each pair of neighboring 

30 cells is also associated with a reference biasing line 341 of the substrate parallel to the 
word lines. Each memory point of the array is interposed between a word line and a 
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reference line, above a bit line 23. Dimensions 2 F*2.5 F of a cell according to the 
present invention are clearly shown on the top view of Fig. 7. 

An advantage of a method according to the present invention is that it requires use 
of two masks only (opening of trenches 26, opening of trenches 31, 32). All other 
5 processings are self-aligned. 

Another advantage is that the alignment of the second mask with respect to the 
first mask is not critical. More specifically, the only constraint to be respected is a rule of 
perpendicularity of the two masks, which is easily acquired with a restricted number of 
reference marks. A possible lateral misalignment has no incidence upon the forming of 
10 the structure. Indeed, all rows (second trenches 32) crossing all the columns (strips 24- 
23-22) of the array define same unity surface areas specific to the forming of independent 
contacts 36 after removal of first insulating layer 21. 

Since no alignment constraint is to be taken into account, no guard is necessary 
and the surface area of an elementary cell can be reduced. 
15 The surface area of a memory cell according to the present invention obtained 

with such a simplified method is advantageously reduced, as described previously, to five 
times, 5 F2, the unity surface area. 

As a non-limiting example, considering that, in present technologies, minimum 
rule F is on the order of from 0.16 to 0.30 jam, for example, approximately 0.20 jam, the 
20 natures and thicknesses of the various successively deposited layers are the following: 

- first and second substrate 20 and 27 : single-crystal semiconductor substrates, 
for example, silicon; 

- first insulating layer 21 formed of 

o silicon oxide (Si0 2 ), formed at the surface of first substrate 20, of 
25 a thickness ranging between 40 and 400 nm, for example, on the order of 100 nm, and 

o silicon nitride (Si3N 4 ), of a thickness from 40 to 400 nm, for 

example, 100 nm; 

- layer 22: single-crystal semiconductor, for example, silicon, for example, of type 
P, of a thickness ranging between 0.3 and 0.8 jam, for example, 0.5 jum; 
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- strongly conductive layer 23: preferably, a metal, such as a tungsten silicide 
layer (WSi 2 ), of a thickness ranging between 0.2 and 0.3 jam, for example, on the order 
of 0.22 jam; 

- second insulating layer 24 formed of 

5 o silicon nitride, of a thickness ranging between 0.2 and 0.3 ^m, 

and 

o silicon oxide, of a thickness ranging between 0.05 and 0.1 pm; 

- third (sacrificial) insulating layer 25: silicon oxide, of a thickness on the order of 
0.3 nm. In this case, the upper silicon oxide portion of multiple-layer 24 is removed 

10 upon removal of mask 25 (Figs. 4A-B); 

- interstrip insulator 28: silicon oxide; 

- fourth (sacrificial) insulating layer 30 made of silicon oxide, of a thickness on 
the order of 0.4 |j.m. In this case, the silicon oxide portion (initially, the lower portion, 
become the upper portion after turning over and removal of first substrate 20; Fig. 4C) of 

15 multiple-layer 21 is removed upon removal of mask 30 (Fig. 6B); 

- trenches 31, 32: 0.4-jam depth; 

- fifth (gate) insulator 33: silicon oxide formed by thermal oxidation of substrate 
22, of a thickness on the order of 3 nm; 

- conductive material of lines 341, 342, 343: polysilicon, of a thickness depending 
20 on the considered technology. The deposited thickness will be at least equal to half F/2 

of the minimum rule to guarantee in the selective etching previously described in relation 
with Fig. 6B the forming of a continuous line 341 at the bottom of each first narrow 
trench 31 of a width equal to minimum rule F. However, it will be ascertained to avoid 
depositing to large a polysilicon thickness, to enable easy differentiation of the two 
25 distinct word lines 342, 343 running in a wide trench 32. Column 22 being made of P- 
type silicon in the considered example, reference biasing line 341 is biased to maintain 
the "well" of the vertical control transistor at ground. 

- sixth (filling) insulator 35: silicon oxide; 

- conductive material 36: polysilicon of a thickness ranging between 30 and 300 
30 nm, for example, on the order of 100 nm; 
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- dielectric with a high electric permittivity 37: an insulator adapted to forming 
the inter-electrode insulator of the memory point, for example, silicon nitride having a 5- 
nm thickness or tantalum oxide (Ta 2 0 5 ) having a 10-nm thickness; and 

- plate electrode 38: polysilicon. After level trimming, it will be ascertained to 
5 maintain a sufficient thickness to ensure the voltage distribution homogeneity on the 

order of from 200 to 400 nm, for example, approximately 250 nm. 

According to an alternative, the result of which is illustrated in Fig. 8, after the 
step of deposition of a filling insulator 35 described previously in relation with Fig. 6B, 
insulating material 35 is etched to be completely removed from first trenches 31, that is, 

10 to expose the upper surface of each continuous line 341 formed at the bottom of each 
first trench 31. Given the increased amount of insulator 35 in each second trench 32, the 
upper surfaces of lines 342 and 343 are exposed, but a portion of layer 35 remains at the 
bottom of each second trench 32, between lines 342 and 343. A thin layer of an insulator 
is then conformally deposited. An anisotropic etching is then performed to remove this 

15 thin layer from the upper surface of first insulating layer 21. The vertical walls of 
trenches 31 and 32 and of lines 342, 343 of insulating spacers 50 are thus left in place. A 
strongly-conductive layer, for example, tungsten silicide 51, is then formed. Layer 51 is 
only formed on the surfaces of lines 341, 342, and 343 included between two spacers 50. 
Finally, the trenches are filled with an insulating material 55 as described previously in 

20 relation with Fig. 6B for material 35. Preferably, material 35, spacers 50, and filling 
material 55 are of same nature, for example, silicon oxide. Then, the method for forming 
a memory according to the present invention carries on, for example, as described 
previously in relation with Figs. 6C and 6D. 

An advantage of the specific embodiment described with Figs. 4 to 8 is that the 

25 transfer of an electron is performed linearly, along a vertical line, in the semiconductor 
column 22 underlying electrode 36. The time of access to a memory cell according to the 
present invention is then advantageously reduced with respect to a standard cell. 

According to an alternative, not shown, it may be desirable not to keep fifth 
insulator 33 between column 22 and its reference biasing line 341. Then, it will be 

30 possible to deposit, after forming of fifth insulator 33, a first thin sub-layer of the line 
conductor, and to perform a directional ion bombarding such that only the walls of the 
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large trenches 32 are bombarded. Then, it is possible to implement a selective wet 
etching such that only the non-bombarded sub-layer is removed in each first narrow 
trench 31. After such a removal, it is possible to selectively remove fifth insulator 33 in 
the sole first trenches 31. Finally, a second sub-layer of the line material will be 
deposited to form in each trench 31 a biasing line 341 directly in contact with the 
peripheral semiconductor column 22, and to increase the thickness of word lines 342 and 
343 in each neighboring large trench 32. The method then carries on according to any of 
the embodiments described in the present description. The reference biasing of 
semiconductor column 22 by line 341 is then performed directly, and not by influence as 
in the cases where an insulator is kept at the bottom of first trench 3 1 . 

According to another alternative, if very small dimensions are reached, such as 
minimum dimension F, that is, on the order of 0.2 ^m, it will be possible to do without a 
biasing control of column 22. However, first trenches 31 will then not be eliminated. 
Narrow trenches 31 will be maintained at their minimum dimension F and the first and 
second trenches 31 and 32 will be opened to form, around a single-crystal vertical well 
22, a surrounding gate. 

Of course, the present invention is likely to have various alterations, 
modifications, and improvements which will readily occur to those skilled in the art. In 
particular, those skilled in the art will know how to adapt the doping levels and the 
implantation conditions to obtain a desired operation. Further, when a conductivity type 
has been indicated, this conductivity type does not aim at limiting the present invention 
to this specific type. An operation with opposite conductivity types would be possible. 

Further, when examples of materials and/or dimension have been indicated, these 
examples do not aim at limiting the present invention. Only the insulating, 
semiconductor, or conductor character of the described materials is to be considered and 
those skilled in the art will know how to modify the materials used according to a 
considered technology. Similarly, each single-layer may be replaced with a multi-layer 
structure. Similarly, any multilayer structure may be replaced with a single-layer 
structure or a structure including more sub-layers than in the described examples. 
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Those skilled in the art will also know how to use substrate 27 underlying a 
memory according to the present invention to form circuits peripheral to this memory, 
outside of the area taken up by said memory. 

Such alterations, modifications, and improvements are intended to be part of this 
5 disclosure, and are intended to be within the spirit and the scope of the present invention. 
Accordingly, the foregoing description is by way of example only and is not intended to 
be limiting. The present invention is limited only as defined in the following claims and 
the equivalents thereto. 

What is claimed is: 



